A new technique for simultaneously recording urethral closure pressure and cross sectional area profile is described. The cross sectional area of the urethra could be measured using the field gradient principle. The procedure was performed readily in male patients and the recordings can be graphically presented during measurement.
Furthermore, urethral pressures increase by increasing distention of the smooth muscle surrounding the structure (Regnier et al., 1983 ; Colstrup et al., 1983 ; Harada, 1985) , may produce a physiological change in the mechanisms of closure in addition to irritation.
The principle of measurement of urethral closing pressure, using a membrane catheter reported by Simons (1936) as a sphincterometry, is based on the compression of a soft balloon by surrounding urethral structure. Enhorning (1961) was able to record the intravesical pressure and the intraurethral pressure simultaneously using a two-channel, fluid-filled catheter connected to a strain gauge transducer. Tanagho et al. (1967) reported that continuous withdrawal of the membrane catheter from the internal meatus to the outside permitted recording of pressure with in the urethral lumen at various levels, and was an accurate and reproducible method that could be compared to the perfusion profilometry.
The micro-tip transducer technique has been reported to be another accurate, reproducible method for recording urethral pressure and urethral pressure profile (Asmussen et al., 1976 ; van Green, 1984) . However, the literature pertaining to the micro-tip transducer method is such that the pattern of urethral pressure profile is influenced greatly by the axial position of the catheter. Some catheters are also quite rigid and their manipulation for insertion in the male is difficult. For these reasons, other ways of measuring urethral pressure are sought .
Recently, Colstrup et al. (1983) combined the two parameters of cross-sectional area and urethral pressure in the resting female urethra. This was done by using a specifically constructed catheter with an electrical means to measure cross sectional area. In previous publications, we have also reported the use of urethral pressure and cross-sectional area to compute urethral compliance in the dog (Harada, 1985) and also in the human male (Harada et al., 1989) . Using data from these measurements to calculate urethral compliance provides more accurate and complete information on the physical properties of urethral parameters and reflects urethral function more accurately. However, these measurements are too complicated and time consuming for routine clinical use, since they require further analysis following data collection.
To simplify the procedure we designed a new approach for simultaneous profilometry of urethral pressure and cross-sectional area, which we report in this paper. Using this new technique, we were able to evaluate its reproducibility, and illustrate, with some typical recordings obtained from different patients, the amount of useful information that can be produced.
Method
The profilometry probe consists of a 9 Fr. triple-lumen polyurethane catheter with a cylindrical balloon made of very thin silastic rubber membrane 8 cm from the tip (Figure 1 ). it is possible to simultaneously measure pressure of the bladder and the urethra, using a pressure transducer (Statham P-50) and a bridge amplifier (Nihon Koden AP-601G). Urethral pressure profiles and cross-sectional area are obtained by gradually withdrawing the probe, using a catheter puller apparatus (Nihon Koden CW-201G) at a rate of 50 mm/min.
Both urethral profilometries and urinary bladder pressure were recorded simultaneously by a polygraph system (Nihon Koden PR-3000).
A schema of the instrumentation used to carry out the measurements is shown in Figure 2 .
Simple profilometries are first obtained while the subject is at rest in the lithotomy position.
The catheter is introduced into the bladder and the balloon of the catheter lining the bladder is inflated with saline until a 0.7 cm2 cross sectional area of the balloon is indicated. In patients with voiding difficulty; stress urethral profilometry obtained as a response to coughing, voluntary contraction or electrical field stimulation of pelvic floor muscle, was evaluated after resting profilometry was done. The data from these tests were compared to control values.
Results
In all the subjects, the procedure of profilometry recordings was performed without any difficulty and the numerical results are shown in Table 1 . A gradual decrease in urethral cross sectional area and a complementary increase in urethral pressure are evident, extending from the bladder neck to the external sphincter. sure increases to maximum.
As shown in Figure 4 , the position of the balloon and also the cross-sectional area of the balloon were confirmed by transabdominal ultrasound imaging.
Analysis of the parameters obtained from the recordings of three normal male volunteers are shown in Table 1 . As indicated in this table, the individual coefficients of variation of UCPmax and FUL are less than 5%. Figure 5 shows the urethral pressure and cross-sectional area of a patient with benign prostatic hypertrophy, estimated at 82 grams of adenoma, using ultrasound examination. As indicated in figure 6 , there is elongation of FUL and UCPmax is high . Regular vascular pulse waves in the prostatic urethra were also recognized. Figure 6 illustrates recording of urethral pressure and cross-sectional area during cough in a normal male volunteer. As indicated, the cross-sectional area of the prostatic urethra decreases, indicating physical closure of the proximal urethra.
The urethral pressure at the site increased simultaneously, also indicating compression of the urethra . The extent of urethral pressure rise is shown to correspond to bladder-pressure elevation due to cough .
However, in the region of the external sphincter, there is no significant cross-sectional area decrease, presumably since the maximum compression was achieved and the urethra is as closed as it could be.
Recording of urethral profilometry in a patient with incontinence after a transurethral prostatectomy is shown in Figure 7 . The maximal urethral closure pressure is 48mmHg, which is lower than expected for normal volunteers.
The minimal urethral cross-sectional area in that region is approximately the same as normal values. Voluntary contraction of the perineal musculature in response to the command of "squeeze" produces a rise in pressure and Note the regular pulse wave in prostatic urethral pressure, indicating compression of vascularity in that region. With coughing, there is a sharp increase in bladder pressure and urethral pressure, and decrease in urethral cross sectional area. Fig. 7 . Simultaneous profilometry of urethral pressure and cross sectional area at rest of patient with incontinence after transurethral resection of the prostate, 68 years of age. Maximal urethral closure pressure in 48mmHg, which is lower than expected of normal subject.
a further decrease of cross-sectional area of the external sphincteric urethra (Figure 8 ). 
Discussion
The advantage of our new method presented here is that the simultaneous recording of both pressure and cross-sectional area of the urethra is presented immediately in graphic form .
Technically, the procedure is simple and can be performed in a short time. Furthermore , use of this method determines not only the anatomical configuration but also the physiological movement of the urethra while the bladder is filling. This method is also useful in exploring how urethral closure changes when the patient assumes different posture (sitting or standing) or undergoes various stress (coughing or squeeze)
Since the pressure recorded using the fluid perfusion or micro-tip transducer produces data that are localized at a small site of measurement, depending on orientation of the catheter, the pattern of the urethral pressure profile is substantially influenced by the axis orientation of the catheter (van Green et al., 1984) As the coefficient of variation in our results indicates, our new method presents a high degree of reproducibility in measuring urethral pressure, because the catheter has a relatively wide and circumferential membrane which is equally sensitive to pressure change from all directions.
In that sense, it represents urethral closure more accurately. The pulse waves recorded in the prostatic urethra ( Figure 5 ) clearly demonstrate that there is reasonable frequency response of the pressure-measuring system (Asmussen et al., 1976) . In this way, it is likely that this frequency response will also be useful during stress (coughing) testing of the urethra.
The variances of the measurement of cross-sectional area in the present report are slightly higher than those of pressure measurements. This increase in variances is considered to be due to errors in the position of the cross-sectional area probe in relation to the center axis of the balloon.
In addition, the larger length of the balloon is likely to be more liable to the registration of pressures originating from periurethral strictures.
Both recordings of urethral pressure and cross-sectional area respond sharply to the abdominal pressure elevation due to cough or voluntary contraction of the pelvic floor muscles following the command "Squeeze". Moreover, the recorded values of pressure and crosssectional area have quantitative significance in absolute terms of the physical parameters involved, and are not restricted to comparative values. Consequently, it seems that our new method is not only applicable in a clinical setting but may also prove useful in basic investigation of the mechanisms of relaxation and constriction of the urethra and micturition in general.
